(19) 



J 



(12) 



(43) Date of publication: 

19.01.2000 Bulletin 2000/03 

(21) Application number: 99113853.8 

(22) Date of filing: 15.07.1999 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 972 928 A1 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 7 : F02D 41/14 



(84) Designated Contracting States: 


• Violani, Marco 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


50134 Firenze (IT) 


MC NL PT SE 


• Secco, Marco 


Designated Extension States: 


14049 Nizza Monferrato (IT) 


AL LT LV MK RO SI 


• Gaviani, Giovanni 




47037 Rimini (IT) 


(30) Priority: 16.07.1998 IT BO980437 




(74) Representative: 


(71) Applicant: 


Franzolin, Luigi et al 


MAGNETI MARELLI S.p.A. 


STUDIO TORTA S.r.l., 


20145 Milano (IT) 


Via Viotti, 9 


(72) Inventors: 


10121 Torino (IT) 


• Poggio, Luca 




15047 Spinetta Marengo (IT) 





00 
CM 

o 

CM 



(54) A device for controlling the air/fuel ratio of the mixture supplied to an endothermal engine 



(57) A device (1) for controlling the air/fuel ratio of 
the mixture supplied to an endothermal engine (2), in 
which a first and a second oxygen sensor (11, 12) dis- 
posed along an exhaust duct (7) of the engine (2) 
upstream and, respectively, downstream of a catalytic 
converter (8) generate a first (V1) and respectively a 
second (V2) signal representative of the stoichiometric 
compositions of the combusted gases, the device (1) 
having a first control circuit (13) receiving as input the 
first signal (V1) and generating a correction parameter 
(K02) adapted to be applied to a quantity of fuel calcu- 
lated in an open loop (Qt) in order to obtain a corrected 
quantity of fuel (Qeff) for an injection unit (4) of the 



engine (2), the device (1) having a second control circuit 
(14) which receives the second signal (V2), supplies a 
correction signal (K022) to the first circuit (13) in order 
to modify the correction parameter (K02) and has a 
control branch (28) adapted to sample the second sig- 
nal (V2) at a predetermined time frequency (f2) and to 
vary the correction signal (K022) when the difference 
between two successively sampled values is greater 
than a predetermined threshold (S) so as to modify the 
air/fuel ratio and to minimise the time in which the cata- 
lytic converter (8) operates at low efficiency. 
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Description 

[0001] The present invention relates to an electronic 
control device for the air/fuel ratio of the mixture sup- 
plied to an endothermal engine. 5 
[0002] The present invention is advantageously 
applied in the automobile field, to which the following 
description will refer without entering into detail. 
[0003] In the automobile field, it is known to use cata- 
lytic converters disposed along the exhaust duct for the 10 
combusted gases from an endothermal engine in order 
to remove the polluting substances contained in these 
gases. It is also known that the maximum efficiency of a 
catalytic converter, i.e. its ability optimally to remove 
these polluting substances, requires the air/fuel ratio of 15 
the mixture supplied to the engine to be kept close to 
the stoichiometric value, i.e. within a specific interval 
including this stoichiometric value. 
[0004] In order to control the air/fuel ratio, use is made 
of electronic closed loop control devices in which a first 20 
oxygen sensor, disposed along the exhaust duct 
upstream of the catalytic converter, generates as output 
a feedback signal V1 indicating the stoichiometric com- 
position of the exhaust gases and therefore of the 
air/fuel ratio of the mixture supplied to the engine. 25 
[0005] These devices supply the feedback signal V1 
to a first control circuit which generates as output a cor- 
rection parameter K02 which is used to modify, in a 
closed loop, the value of a parameter calculated in an 
open loop and representative of a quantity of fuel to be 30 
injected into the engine cylinders. 
[0006] These known devices, as a result of the reverse 
feedback of the signal V1, carry out a closed chain con- 
trol intended to ensure that the air/fuel ratio is caused to 
oscillate about the stoichiometric value so as to enable 35 
the catalytic converter to remove the polluting sub- 
stances in an optimum way. These devices have, how- 
ever, certain drawbacks: in the first place they do not 
make it possible to carry out a diagnosis of the behav- 
iour of the catalytic converter and secondly they are not 40 
able to carry out an appropriate control when there are 
drift errors in the chain including the first oxygen sensor. 
[0007] In order to overcome these drawbacks, these 
control devices have been provided with a second oxy- 
gen sensor disposed along the exhaust duct down- 45 
stream of the catalytic converter and a second control 
circuit connected to this second sensor and to the first 
control circuit. The second sensor in particular gener- 
ates as output a feedback signal V2 indicating the stoi- 
chiometric composition of the exhaust gases introduced so 
into the atmosphere, while the second control circuit, 
which has a proportional branch and an integral branch 
(P.I.). receives as input the signal V2 and is adapted to 
supply a correction signal K022 to the above-men- 
tioned first control circuit. The correction signal K022 is 55 
used by the first control circuit to modify the above-men- 
tioned correction parameter K02 by recovering the 
above-mentioned drifts. These devices tend to carry out 



a control action which maintains the exhaust titre (i.e. 
the air/fuel ratio measured by the second sensor and 
standardised to the stoichiometric value) within a prede- 
termined interval of values in order to cause the cata- 
lytic converter to work at high efficiency. 
[0008] Despite the fact that the introduction of the sec- 
ond sensor and the second control circuit has improved 
the control of the air/fuel ratio and made it possible to 
carry out diagnoses on the catalytic converter, the 
above-mentioned control devices have the drawback 
that they carry out a control action that is slow from the 
dynamic point of view. 

[0009] These known devices respond very slowly to 
any departures of the exhaust titre from the interval of 
values corresponding to optimum operation of the cata- 
lytic converter and therefore require relatively long times 
to return the exhaust titre within this interval. This is par- 
ticularly significant in situations immediately following 
"full load" and "cut-off conditions, i.e. those conditions 
following a rapid acceleration or a release of the accel- 
erator pedal. 

[0010] Following these situations the air/fuel ratio 
diverges strongly from the stoichiometric value and the 
catalytic converter does not carry out correct removal of 
the polluting substances for the whole of the period that 
the control device requires to bring the exhaust titre 
back within the above-mentioned interval of values. 
[001 1] The object of the present invention is to provide 
a control device for the air/fuel ratio of the mixture sup- 
plied to an endothermal engine, which is free from the 
above-described drawbacks. 

[0012] The present invention relates to a control 
device for the air/fuel ratio of the mixture supplied to an 
endothermal engine of the type described in claim 1. 
[0013] The present invention also relates to a method 
of controlling the air/fuel ratio of the mixture supplied to 
an endothermal engine. 

[0014] The present invention further relates to a 
method for controlling the air/fuel ratio of the mixture 
supplied to an endothermal engine of the type 
described in claim 13. 

[0015] The present invention is described below with 
reference to the accompanying drawings, which show a 
non-limiting embodiment thereof, in which: 

Fig. 1 is a diagram of an electronic control device 
for the air/fuel ratio of the mixture supplied to an 
endothermal engine of the present invention; 
Fig. 2 is a diagram of a control circuit forming part 
of the device of Fig. 1 ; 

Fig. 3 shows the input-output characteristic of an 
oxygen sensor of on/off type forming a component 
of the device of Fig. 1; 

Fig. 4 is a block diagram of the operations carried 
out by the control circuit of Fig. 2; 
Fig. 5 shows the curves of some control parameters 
as a function of the output voltage of the sensor of 
on/off type of Fig. 3. 
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[0016] In Fig. 1, an electronic control device for the 
air/fuel ratio A/F of the mixture supplied to an endother- 
mal engine 2, in particular a petrol engine (shown dia- 
grammatically), is shown overall by 1 . 
[0017] The engine 2 has an intake manifold 3 for the 
supply of a flow of air to the cylinders (not shown) of the 
engine, a plant 4 for the injection of petrol into the cylin- 
ders, an ignition device 5 adapted to trigger combustion 
in the cylinders and an exhaust manifold 6 adapted to 
convey the combusted gases output from the engine. 
The output of the exhaust manifold 6 in particular com- 
municates with a duct 7 for the discharge of the com- 
busted gases along which there is disposed a catalytic 
converter 8 (of known type) adapted to remove the pol- 
luting substances contained in these gases. 
[0018] The control device 1 comprises an electronic 
engine control unit 9 (shown diagrammatical ly in Fig. 1) 
adapted to control both the injection unit 4 in order to 
regulate the injection of fuel into the cylinders and the 
ignition device 5 in order to determine the instants at 
which combustion is triggered in the cylinders. 
[0019] The unit 9 receives as input a plurality of infor- 
mation signals P measured in the engine 2 (for instance 
the number of revolutions per minute, the pressure in 
the intake manifold 4 and/or the air flow, the tempera- 
ture of the engine cooling fluid, the air temperature, the 
butterfly valve position, etc.) together with information 
signals external to the engine (for instance the acceler- 
ator pedal position, signals from the vehicle gear 
change, etc.). 

[0020] The control device 1 further comprises two oxy- 
gen sensors 11 and 12 which are disposed along the 
exhaust duct 7 upstream and respectively downstream 
of the catalytic converter 8 and cooperate with the unit 9 
in order to supply information on the stoichiometric com- 
position of the exhaust gases upstream and down- 
stream of this converter 8. In particular, the sensor 1 1 is 
preferably of linear type (for instance formed by a UEGO 
probe) and is adapted to generate as output a feedback 
signal V1 indicating the composition of the exhaust 
gases upstream of the converter 8 and, therefore, corre- 
lated with the A/F ratio of the mixture supplied to the 
engine. The oxygen sensor 12, however, is preferably of 
on/off type (for instance formed by a LAMBDA probe) 
and generates as output a signal V2 indicating the stoi- 
chiometric composition of the gases introduced into the 
external atmosphere after the catalysing action of the 
converter 8. 

[0021] The unit 9 comprises two feedback control cir- 
cuits, shown by 13 and 14, of which the circuit 13 is con- 
nected to the sensor 1 1 in order to receive the signal V1 
and is adapted to generate as output a parameter Qeff 
representative of the actual quantity of petrol (monitored 
in a closed chain) that the injection unit 4 needs to sup- 
ply to the engine 2 during the engine cycle. 
[0022] The control circuit 14, however, receives as 
input the signal V2 generated by the sensor 12 and sup- 
plies as output a digital correction signal K022 to the cir- 



cuit 1 3 in order to improve, as will be explained below, 
the feedback control of the A/F ratio carried out by this 
circuit 13. 

[0023] In the control circuit 13, the output signal V1 
5 from the sensor 1 1 is supplied to a conversion circuit 1 5 
which is adapted to convert, in a known manner, this 
signal V1 into a parameter Mm representative of the 
A/F ratio of the mixture supplied to the engine 2 and 
defined as: 

10 

(AZF)stech 



15 in which (A/F)mis represents the value of the air/petrol 
ratio measured by the sensor 1 1 and correlated with the 
signal V1 and (A/F)stech represents the value of the 
stoichiometric air/petrol ratio equivalent to 14.57. In par- 
ticular, if the value of the parameter Mm exceeds unity 

20 (M m > 1 ) the A/F ratio measured is greater than the sto- 
ichiometric ratio, i.e. there is, overall, an insufficient 
quantity of petrol and the mixture supplied to the engine 
2 is known as thin, whereas if the value of the parameter 
11 m is lower than unity (M m < 1 ) the A/F ratio measured 

25 is lower than the stoichiometric ratio, i.e. there is, over- 
all, an excessive quantity of fuel and the mixture sup- 
plied to the engine 2 is known as rich. 
[0024] The conversion circuit 15 comprises two con- 
verters 16 and 17 disposed in series, of which the con- 

30 verter 16 is connected as input to the output of the 
sensor 11 in order to receive the signal V1 and is 
adapted to convert this signal V1 into the parameter 
Mm by means of its own conversion characteristic C. 
The converter 17 is, however, an analog/digital con- 

35 verter which receives as input the parameter M m and is 
adapted to supply as output the digitised value of this 
parameter Mm. The digitised parameter Mm is sup- 
plied to a subtracting input 18a of a summing node 18 
also having a summing input 18b to which the digital 

40 value of a parameter Xo representative of an objective 
air/petrol ratio defined as: 



45 



JAIF)obiett 
(A/F)stech 



is supplied, in which (AZF)obiett represents the value of 
the objective air/fuel ratio which it is desired to achieve 
and (A/F)stech represents the value of the stoichiomet- 

50 ric air/fuel ratio equivalent to 14.57. 

[0025] The parameter Xo is generated as output (in a 
known manner) by an electronic table 19 to which at 
least part of the information signals P (for instance the 
number of revolutions per minute (rpm), the load applied 

55 to the engine 2, etc.) are supplied as input. 

[0026] The node 18 therefore generates as output an 
error parameter AK given by the difference between the 
objective parameter Xo and the parameter Mm from the 
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analog/digital converter 17, i.e. 

AX=Xo-X1m 

[0027] The node 18 has an output 18u connected to 5 
an input of a processing circuit 21, for instance a circuit 
adapted to carry out a conversion of the signal supplied 
as input in order to supply as output a correction param- 
eter K02. 

[0028] In the embodiment shown, the parameter K02 10 
is given by the proportional-integral processing Rl. of 
the error parameter AX; it is clear, however, that the 
closed loop correction parameter K02 may be calcu- 
lated by carrying out different operations on the error 
parameter AX and using more complex calculation algo- 15 
rithms than that illustrated. 

[0029] The closed loop correction parameter K02 is 
supplied as input to a correction circuit 22 which 
receives as input a parameter Qt representative of a 
quantity of fuel (calculated in an open loop) that the 20 
injection unit 4 should supply to the engine 2. The 
parameter Qt is calculated (in a known manner) in an 
open loop by means of an electronic table 23 receiving 
as input at least part of the information signals R The 
correction circuit 22 is adapted to apply the 25 
[0030] correction parameter K02 to the parameter Qt 
in order to obtain as output the parameter Qeff repre- 
sentative of the actual quantity of fuel to be supplied to 
the engine. According to the embodiment shown, the 
parameter Qeff is calculated by multiplying the parame- 30 
ter Qt by the correction parameter K02, i.e.: 

Qeff=Qt*K02 

[0031] In the embodiment shown in Fig. 1 , the control 35 
circuit 14, which receives as input the signal V2 from the 
sensor 12 disposed downstream of the catalytic con- 
verter 8, supplies the correction signal K022 as output 
to a further summing input 18c of the node 18 in order 
to correct the error parameter AX depending on the 40 
composition of the exhaust gases actually introduced 
into the atmosphere, i.e. 

AX =Xo-X1m+ K022 

45 

[0032] The sensor 1 2 and the control circuit 1 4 form a 
further control loop, external to the control loop compris- 
ing the sensor 1 1 , which makes it possible to improve 
the overall control of the ratio A/F by recovering any 
drifts introduced into the control loop including this sen- so 
sor 11. 

[0033] With reference to Fig. 2, in the control circuit 14 
the signal V2 output from the sensor 12 is supplied to a 
subtracting input 24a of a summing node 24 further 
comprising a summing input 24b to which a signal V2o 55 
indicating the objective switching voltage of the sensor 
12 (LAMBDA probe), i.e. the voltage at which there is a 
transition of the exhaust titre from a state corresponding 



to a rich mixture to a state corresponding to a thin mix- 
ture or vice versa, is supplied. The signal V2o is gener- 
ated as output (in a known manner) by a calculation 
circuit 25 receiving as input at least part of the informa- 
tion signals P such as the number of revolutions per 
minute (rpm) and the load. 

[0034] The node 24 generates as output an error sig- 
nal Ve given by the difference between the signal V2o 
and the output signal V2 of the LAMBDA probe, i.e. 
Ve = V2o - V2 . The signal Ve is supplied to two 
processing branches shown by 26 and 27, of which the 
branch 26 is adapted to carry out a conversion of pro- 
portional type (P.) of the input signal, while the branch 
27 is a branch of integrating type (I.). The two branches 
26 and 27 have respective outputs 26u and 27u which 
are connected to respective summing inputs of a sum- 
ming node 29 generating as output the correction signal 
K022 to be supplied to the control circuit 13. 
[0035] According to the present invention, the circuit 
14 has a further processing branch 30 which receives 
as input the signal V2, has an output 30u connected to 
a further summing input of the node 29 and, as will be 
explained below, is adapted to ensure that the signal 
K022 modifies the value of the error parameter AX (Fig. 
1 ) in order to optimise the efficiency of the catalytic con- 
verter 8. 

[0036] The branch 26 has a sampler 31 adapted to 
sample the error signal Ve at a frequency f1 connected 
to the number of revolutions per minute (rpm) of the 
engine: in particular, the sampler 31 is adapted to sam- 
ple the signal Ve, for each combustion cycle of the 
engine, in the instants in which the angular position of 
the drive shaft is such that the various pistons are at 
their respective top dead centres. When output from the 
sampler 31, the signal Ve is supplied to a multiplier 
block 32 where it is firstly multiplied by a proportional 
control parameter and then supplied to the output 
26u. 

[0037] The integrating control branch 27 has a sam- 
pler 33 which is adapted to sample the error signal Ve at 
a frequency f1 (i.e. at the same instants during which 
the sampler 31 also samples) and supplies the sampled 
signal Ve to a summing input 34a of a summing node 34 
which further comprises a second summing input 34b 
and an output 34u connected to a unitary delay block 
35. The unitary delay block 35 has its own output 35u, 
which is connected in feedback to the input 34b and is 
connected to a multiplier block 36 adapted to apply an 
integrating control parameter Ki to the input value in 
order to supply it to the output 27u. 
[0038] The control branch 30 has a sampler 37 which 
is adapted to sample the signal V2 at a predetermined 
frequency f2 which is independent from the angular 
position of the drive shaft and is generally much smaller 
than the frequency f 1 . The frequency f2 is defined within 
the following interval: 
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[0039] While the samplers 31 and 33 therefore sample 
on the basis of the angular position of the drive shaft 
(each top dead centre), the sampler 37 carries out sam- 
pling on a predetermined time basis with a sampling 
period T (in the embodiment shown the period T is 
approximately 100 msec). When output from the sam- 
pler 37, the sampled signal V2 is supplied both to a 
summing input of a summing node 38 and to a unitary 
delay block 39 which has its output 39u connected to a 
subtracting input of the node 38 in order to supply to this 
node 38 the last value of the signal V2 sampled prior to 
the current value. The summing node 38 is adapted to 
supply as output a parameter Vd given by the difference 
between the current value of the signal V2 and the value 
sampled prior to the current value, according to the 
expression: 

Vd{t)=V2(t)-V2(t - T) 

in which t is the current sampling instant and T is the 
sampling period of the sampler 37. 
[0040] The output of the node 38 is connected to a fil- 
ter block 40 which is adapted to supply as output the 
parameter Vd only when the relationship 



Vd > |S| 



(D 



has occurred, in which S is a predetermined threshold 
value; vice versa, in the case in which the relationship 
(1) has not occurred, the block 40 supplies a zero value 
as output. In other words, the block 40 is adapted to 
supply as output the parameter Vd only when the signal 
V2 undergoes, in the time interval between two succes- 
sive samplings, a significant variation that cannot be 
attributed solely to the presence of superimposed noise. 
In this way, the block 40 carries out a filtering action as 
regards any external noise or interference. 
[0041 ] On output from the block 40, the parameter Vd 
is then supplied to a multiplier block 41 which is adapted 
to multiply this parameter Vd by a proportional control 
parameter Kp 2 before supplying it to the output 30u. In 
other words, the output 30 u receives a signal Vu repre- 
sentative of a substantial variation of the signal V2 
between two successive sampling instants of the sam- 
pler 37. 

[0042] The control parameters Kp 1t and Kp 2 sup- 
plied respectively to the blocks 32, 36 and 41 are gener- 
ated as output by a calculation circuit 42 whose 
operation will be described below. 
[0043] The control device 1 implements a control 
strategy for the ratio A/F adapted to optimise the opera- 
tion of the catalytic converter 8. The aim of this strategy 
is to minimise emissions of polluting substances into the 
atmosphere and, for this purpose, the control device 1 is 



adapted to control, cycle after cycle, the ratio A/F of the 
mixture to be supplied to the engine such that the cata- 
lytic converter 8 works as efficiently as possible to 
remove polluting substances. Before explaining this 

5 control strategy in detail, it should be noted that the sen- 
sor 12 (LAMBDA probe), by means of its output signal 
V2, informs the unit 9 about the operation of the cata- 
lytic converter 8 and, ultimately, about the condition of 
the exhaust titre A2m which, as is known, is defined by 

10 the relationship 



15 



X2m 



(AIF)mis 
'((AfF)stech 



in which (A/F)mis represents the value of the air/petrol 
ratio measured by the sensor 1 2 and (A/F)stech repre- 
sents the stoichiometric value equivalent to 14.57. 
[0044] Fig. 3 shows the transfer characteristic C2 of 

20 the sensor 12 (LAMBDA probe) which expresses the 
variation of the output signal V2 as a function of the 
exhaust titre A2m. The objective of the control strategy 
is to enable the point of operation of the sensor 12 to 
remain as far as possible on a high-gradient section R of 

25 the characteristic C2 so that the sensor 1 2 can work as 
a linear oxygen sensor. In other words, the objective of 
the control device 1, and in particular the control circuit 
14, is to ensure that the output signal V2 from the sen- 
sor 12 is maintained as far as possible within a dead 

30 band BM centred around the signal V2o indicating the 
objective switching voltage of this sensor 12, in order to 
ensure that the exhaust titre X2m is kept in the interval I 
(Fig. 3) of maximum efficiency of the catalytic converter 
8. 

35 [0045] In order to understand the control strategy, the 
operation of the control circuit 14 will now be described. 
[0046] With reference to Fig. 4, an initial block START 
leads to a block 100 in which the signal V2o (indicating 
the objective switching voltage of the sensor 12) is cal- 

40 culated, by means of the calculation circuit 25, as a 
function of the actual operating conditions of the engine, 
which are expressed for instance by the number of rev- 
olutions per minute (rpm) and by the load. The signal 
V2o is then compared with the output signal V2 from the 

45 sensor 12 by means of the summing node 24 which 
generates as output the error signal Ve representative 
of the divergence between the exhaust titre X2m meas- 
ured and the exhaust titre that it is desired to obtain in 
normal operating conditions of the engine. At the same 

so time, the sampler 37 samples the signal V2 at a fre- 
quency f2 and the parameter Vd showing the difference 
between the values of the signal V2 at successive sam- 
pling instants is obtained as output from the node 38. 
[0047] The output of the block 1 00 leads to a compar- 

55 ison block 1 10 in which the error signal Ve is compared 
with a reference value Verif (Fig. 3) in order to test 
whether this signal V2 is within the dead band BM, i.e. 
to ascertain whether the exhaust titre is within the inter- 
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val I of maximum efficiency of the catalytic converter 8. 
The block 110 leads to a block 120 when the signal V2 
is within the dead band BM (i.e. Ve £ | Ve^ |), and to a 
block 130 when the signal V2 is outside the dead band 
BM (i.e. Ve > | Vfe^ |). 

[0043] The block 120 and the block 1 30 each define a 
respective control method for the exhaust titre A2m. In 
the block 120 there is provided a control method for the 
titre X2m called "dead band", according to which the 
control parameters Kpj and Ki are forced to assume val- 
ues that enable the signal V2 to evolve over time per- 
forming oscillations about the signal V2o within the 
dead band BM. The control method forced in the block 
130, however, is called "outside dead band", according 
to which the control parameters Kp^ and Ki are forced to 
assume values enabling the signal V2 to evolve over 
time in order to return within the dead band BM. 
[0049] In particular, according to the "dead band" con- 
trol method, the control circuit 14 carries out a process- 
ing of the error signal Ve predominantly of integrating 
type (via the branch 27). At the same time, when the 
parameter Vd exceeds the threshold value S pointing to 
a sudden variation of the signal V2 likely to herald exit 
from the dead band BM, the branch 30 modifies the cor- 
rection signal K022 by means of the output of the block 

41 such that the feedback control tends to cause this 
signal V2 to remain within the dead band BM. 

[0050] In accordance, however, with the "outside dead 
band" control method, the circuit 14 carries out a 
processing of the signal Ve predominantly of propor- 
tional type (via the branch 26) so as to bring the signal 
V2 back within the dead band. At the same time, when 
the signal V2 tends to move away from the dead band 
BM and the parameter Vd exceeds the threshold value 
S, the branch 30 modifies the correction signal K022 by 
means of the output of the block 41 so that the feedback 
control tends rapidly to bring the signal V2 back within 
the dead band BM. 

[0051] With reference to Fig. 5, the calculation circuit 

42 calculates the control parameters Kp 1t Ki and Kp2 
according to the characteristics C3, C4 and C5 shown in 
Fig. 5. In particular, on entry into the block 120 (dead 
band), the calculation circuit 42 calculates the parame- 
ters Kp! and Ki according to the expressions: 

K P1 .0 Ki = Ki lrif 

in which Ki1 rif is a predetermined reference value. It can 
be seen from this that the control action of the circuit 14 
is chiefly due the branches 27 and 30. Vice versa, on 
entry into the block 130 (outside dead band) the propor- 
tional control parameter Kp^ is obtained from the char- 
acteristic C3 shown in Fig. 5 as a function of the actual 
output signal V2 from the sensor 12, while the parame- 
ter Ki is calculated according to the expression 

Ki = Kp ^Cost 



in which Cost is a positive constant that can be cali- 
brated that depends on the engine operating conditions. 
In this case, the control action of the circuit 14 is chiefly 
due to the branches 26 and 30 as can be seen from the 

5 curves of the characteristics C3, C4 and C5 when the 
signal V2 is outside the dead band BM. It can be seen 
from Fig. 5 that the characteristic C3 which regulates 
the variation of the parameter Kp^ as a function of the 
output signal V2 from the sensor 12 is substantially U- 

10 shaped and has two high-gradient sections R1 that are 
connected to a section R2 of almost zero gradient cor- 
responding to the dead band BM and in which Kp1 is 
almost zero (Kp^ * 0). 

[0052] In both control methods, the circuit 42 (Fig. 2) 

15 supplies the multiplier block 41 with the same value of 
the control parameter Kp 2 (the characteristic C5 is con- 
stant with respect to the signal V2). 
[0053] In this way, when the signal V2 is external to 
the dead band BM (block 130), the control circuit 14 

20 acts (via the correction signal K022) on the control cir- 
cuit 13 such that the actual quantity of petrol to be sup- 
plied to the engine is such that the exhaust titre X2m 
tends to return as rapidly as possibly within the interval 
I, i.e. the voltage V2 tends to return very rapidly within 

25 the dead band BM. 

[0054] When, however, the output signal V2 from the 
LAMBDA probe is within the dead band BM (block 120), 
the proportional branch 26 does not make a significant 
contribution (Kp 1 - 0) and the control circuit 14 acts on 

30 the circuit 13 (via the correction signal K022) such that 
the exhaust titre X2m remains as far as possible within 
the interval I, thereby optimising the operation of the 
catalytic converter 8. 

[0055] The branch 30 carries out a processing of the 

35 error signal V2 that enables it to exert a feedback con- 
trol action that speeds up the dynamic behaviour of the 
control device 1 with respect to known control devices. 
[0056] It is evident from the above description that the 
control device 1 responds very rapidly to any deviations 

40 of the exhaust titre from the interval I of values corre- 
sponding to the optimum operation of the catalytic con- 
verter 8, rapidly bringing the exhaust titre back within 
this interval I. The presence of the branch 30 in effect 
offsets the intrinsic delay of the catalytic converter 8 by 

45 anticipating the instant in which the exhaust titre returns 
within the interval I. This is particularly significant follow- 
ing "full load" and "cut-ofT situations of the engine, i.e. in 
situations following a rapid acceleration or a release of 
the accelerator pedal. Following these situations, the 

so exhaust titre diverges substantially from the stoichio- 
metric value, and the control device 1 forces the exhaust 
titre rapidly to return within the interval of maximum effi- 
ciency of the catalytic converter 8, thereby minimising 
emissions of polluting substances into the atmosphere. 

55 

Claims 

1. A device (1) for controlling the air/fuel ratio of the 
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mixture supplied to an endothermal engine (2), in 
which a catalytic converter (8) is disposed along an 
exhaust duct (7) for the combusted gases from this 
engine, the device (1) comprising a first (11) and a 
second (12) oxygen sensor which are disposed 5 
along the exhaust duct (7) upstream and respec- 
tively downstream of the catalytic converter (8) and 
are adapted to generate as output a first (V1) and a 
second (V2) signal indicating the stoichiometric 
composition of the exhaust gases, this device (1) 10 
comprising: 

a first closed loop control circuit (13) which is 
adapted to receive as input this first signal (V1) 
and is adapted to calculate a correction param- 15 
eter (K02) adapted to be applied to a theoreti- 
cal value (Qt) of a quantity of fuel calculated in 
an open loop in order to obtain a corrected 
quantity of petrol (Qeff) for a fuel injection unit 
(4) of the engine (2); and 20 
a second control circuit (14) which receives as 
input the second signal (V2) and is connected 
as output to the first control circuit (13) in order 
to supply a correction signal (K022) adapted to 
modify the correction parameter (K02); 25 

the device (1) being characterised in that the sec- 
ond control circuit (14) comprises a first control 
branch (30) comprising: 

30 

first sampling means (37) adapted to sample 
the second signal (V2) at a predetermined first 
frequency (f2); 

first processing means (38, 40, 41 ) cooperating 
with the first sampling means (37) in order to 35 
generate a first parameter (Vd) that is a func- 
tion of the difference between the sampled val- 
ues of the second signal (V2) at successive 
sampling instants, these first processing 
means (38, 40, 41) being adapted to process 40 
(41) the first parameter (Vd) in order to supply 
a first contribution (Vu) to the correction signal 
(K022) and to ensure that the second signal 
(V2) tends rapidly to be brought and to remain 
in an interval of values (BM) corresponding to a 45 
zone of maximum efficiency of the catalytic 
converter (8). 

2. A device as claimed in claim 1 , characterised in that 
the first processing means (38, 40, 41 ) comprise: so 

first comparison means (38) which receive as 
input the sampled values (V2(t), V2(t-T)) of the 
second signal (v2) at two successive sampling 
instants (t, t-T) and are adapted to generate as 55 
output the first parameter (Vd) as a function of 
the difference between the sampled values 
(V2(t), V2(t-T)); and 



a processing block (41) receiving as input the 
first parameter (Vd) and adapted to apply a first 
proportional control parameter (Kp 2 ) in order to 
generate as output this first contribution (Vu) to 
the correction signal (K022). 

3. A device as claimed in claim 2, characterised in that 
the first control branch comprises filter means (40) 
which are interposed between the first comparison 
means (38) and the processing block (41) and are 
adapted to supply the first parameter (Vd) to the 
processing block (41) only if this first parameter 
(Vd) is in a predetermined relationship with a pre- 
determined threshold value (S). 

4. A device as claimed in claim 3, characterised in that 
the filter means (40) are adapted to supply the sam- 
pled error signal to the processing block (41) only 
when the following inequality has occurred: 

| Vd | < S 

in which (Vd) represents the first parameter and (S) 
is the predetermined threshold value. 

5. A device as claimed in any one of the preceding 
claims, characterised in that the first predetermined 
frequency (f2) is independent of the speed of rota- 
tion of the drive shaft. 

6. A device as claimed in any one of the preceding 
claims, characterised in that the second control cir- 
cuit (14) comprises: 

first setting means (25) receiving information 
signals (P) measured at least partially in the 
engine (2) and generating as output a refer- 
ence signal (V2o) indicative of a desired stoi- 
chiometric composition of the exhaust gases 
downstream of the catalytic converter (8); 
second comparison means (24) receiving the 
second signal (V2) and the reference signal 
(V2o) and adapted to generate as output an 
error signal (Ve) correlated with the difference 
between the second signal (V2) and the refer- 
ence signal (V2o); and 

a second (26) and a third (27) control branch 
receiving as input the error signal (Ve) and 
adapted to supply as output a second and, 
respectively, a third contribution for the correc- 
tion signal (K022), the second control branch 
(26) being of proportional type and being 
adapted to process the error signal (Ve) with a 
second proportional control parameter (Kp^, 
while the third control branch (27) is of the inte- 
grating type and is adapted to process the error 
signal (Ve) with an integrating control parame- 
ter^). 
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7. A device as claimed in claim 6, characterised in that 
the second control branch (26) comprises second 
sampling means (31) in order to sample the error 
signal (Ve) at a second predetermined frequency 
(f1) that is a function of the speed of rotation of the 5 
drive shaft, and second processing means (32) 
connected to the second sampling means (31) in 
order to apply the proportional control parameter 
(Kp1) to an output of these second sampling means 
(31) in order to supply the second contribution for 10 
the correction signal (K022), the third control 
branch (27) comprising third sampling means (33) 
synchronous with the second sampling means (31) 

in order to sample the error signal (Ve), and third 
processing means (36) connected to the third sam- 15 
pling means (33) in order to carry out integrating 
processing using the integrating control parameter 
(Ki) in order to supply the third contribution for the 
correction signal (K022). 

20 

8. A device as claimed in claim 7, characterised in that 
the second (31) and third (33) sampling means are 
adapted to sample the error signal (Ve) at the 
instants in which the pistons associated with the 
cylinders of the engine reach their respective top 25 
dead centres, the first sampling frequency (f2) 
being smaller than the second sampling frequency 
(f1). 

9. A device as claimed in claim 7 or 8, characterised in 30 
that the second control circuit (14) comprises calcu- 
lation means (42) adapted to calculate and to sup- 
ply the first (Kp 2 ) and second (Kp^ proportional 
control parameter and the integrating control 
parameter (Ki) to the first, second and third control 35 
branches (30, 26, 27), the control means (42) 
receiving as input the error signal (Ve) and being 
adapted to calculate the second proportional con- 
trol parameter (Kp^ and the integrating control 
parameter (Ki) as a function of this error signal (Ve). 40 

10. A device as claimed in claim 9, characterised in that 
the calculation means (42) are adapted to calculate 
the second proportional control parameter (Kp^ 
and the integrating control parameter (Ki) according 45 
to two alternative calculation methods (120, 130) on 

the basis of the value of the error signal (Ve), a first 
calculation method (120) being activated when the 
error signal (Ve) satisfies the following expression 

50 

Ve<|V erif | 

in which Ve and Ve^ respectively represent the 
error signal and a predetermined threshold value, a 
second calculation method (130) being activated 55 
when this expression is not satisfied, the first calcu- 
lation method (120) representing the case in which 
the second signal (V2) is within the interval of val- 



ues (BM) corresponding to a zone of maximum effi- 
ciency of the catalytic converter (8), while the 
second calculation method (130) represents the 
case in which the second signal (V2) is outside this 
interval of values (BM) and in that according to the 
first calculation method (120) the calculation means 
(42) supply values of the second proportional con- 
trol parameter (Kp-|) and the integrating control 
parameter (Ki) such that the second control circuit 
(14) processes the error signal (Ve) predominantly 
in an integrating manner and according to the sec- 
ond calculation method (130), the second propor- 
tional control parameter (Kp^ and the integrating 
control parameter (Ki) assume values such that the 
second control circuit (14) processes the error sig- 
nal (Ve) predominantly in a proportional way. 

11. A device as claimed in claim 10, characterised in 
that the calculation means (42) are adapted to cal- 
culate the second proportional control parameter 
(Kp^ as a function of the value of the second signal 
(V2) by means of a transfer characteristic (C3) hav- 
ing a substantially U-shaped curve with a central 
portion (R2) having a low gradient and two side por- 
tions (R1) having a high gradient, the second pro- 
portional control parameter (Kp^ assuming a 
substantially zero value at the location of the central 
portion (R2), the central portion (R2) corresponding 
to the first calculation method (120) and the lateral 
portions (R1) corresponding to the second calcula- 
tion method (130). 

12. A device as claimed in any one of the preceding 
claims, characterised in that the first control circuit 
(13) comprises: 

converter means (1 6, 1 7) receiving the first sig- 
nal (V1) output from the first oxygen sensor 
(11) and adapted to generate as output a 
measured parameter (X1m) representative of 
the air/fuel ratio of the mixture supplied to the 
engine (2); 

second setting means (19) receiving as input 
the information signals (P) and generating as 
output an objective parameter (Xo) representa- 
tive of a desired air/fuel ratio; 
fourth processing means (18) receiving as 
input this objective parameter (Xo) and the 
measured parameter (Mm) and adapted to 
generate an error parameter (AX) correlated 
with the difference between the objective 
parameter (Xo) and the measured parameter 
(X1m), these fourth processing means (18) 
receiving the correction signal (K022) from the 
second control circuit (14) in order to modify 
the error parameter (AX); and 
fifth processing means (21) receiving as input 
the modified error parameter and adapted to 
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calculate the correction parameters (K02) to 
be applied to the theoretical value (Qt) of a 
quantity of fuel calculated in an open loop in 
order to obtain the corrected quantity of fuel 
(Qeff) for the fuel injection unit (4). 5 

13. A method for controlling the air/fuel ratio of the mix- 
ture supplied to an endothermal engine (2), in 
which a catalytic converter (8) is disposed along an 
exhaust duct (7) for the combusted gases from this 10 
engine (2), comprising the stages of: 

generating as output a first signal (V1) by 
means of a first oxygen sensor (11) disposed 
along the exhaust duct (7) upstream of the cat- 15 
alytic converter (8); 

generating as output a second signal (V2) by 
means of a second oxygen sensor (12) dis- 
posed along the exhaust duct (7) downstream 
of the catalytic converter (8); 20 
processing (13) of the first signal (V1) in order 
to calculate a correction parameter (K02) 
adapted to be applied to a theoretical value 
(Qt) of a quantity of fuel calculated in an open 
loop in order to obtain a corrected quantity of 25 
petrol (Qeff) for a fuel injection unit (4) of the 
engine (2); 

processing (14) of the second signal (V2) in 
order to generate a correction signal (K022) 
adapted to modify this correction parameter 30 
(K02); characterised in that the stage of 
processing (14) of the second signal (V2) com- 
prises the stages of: 

sampling (37) the second signal (V2) at a first 
predetermined frequency (f2); 35 
generating a first parameter (Vd) as a function 
of the difference between the sampled values 
of the second signal (V2) at successive sam- 
pling instants; and 

processing (41) of the first parameter (Vd) in 40 
order to supply a first contribution (Vu) to the 
correction signal (K022) ensuring that the sec- 
ond signal (V2) tends rapidly to be brought and 
to remain within an interval of values (BM) cor- 
responding to a zone of maximum efficiency of 45 
the catalytic converter (8). 

14. A method as claimed in claim 13, characterised in 
that the stage of processing (14) of the second sig- 
nal (V2) comprises the stages of: so 

- applying (30) at least one proportional process- 
ing to the first parameter (Vd) by means of a 
first proportional control parameter (Kp 2 ); 
setting (25), on the basis of information signals 55 
(P) measured at least partially in the engine 
(2), of a reference signal (V2o) indicative of a 
desired stoichiometric composition of the 



exhaust gases downstream of the catalytic 
converter (8); 

comparing (24) the second signal (V2) with the 
reference signal (V2o) in order to generate an 
error signal (Ve) correlated with the difference 
between the second signal (V2) and the refer- 
ence signal (V2o); 

applying (26) a processing of proportional type 
to the second error signal (Ve) by means of a 
second proportional control parameter (Kp1), 
in order to provide a second contribution for the 
correction signal (K022); and 
applying (27) an integrating processing to the 
error signal (Ve), by means of an integrating 
control parameter (Ki), in order to supply a third 
contribution for this correction signal (K022). 

15. A method as claimed in claim 14, characterised in 
that it further comprises the stage of calculating 
(42) the second proportional control parameter 
(Kp^ and the integrating control parameter (Ki) 
according to two alternative calculation methods 
(120, 130) on the basis of the value of the error sig- 
nal (Ve); 

a first calculation method (120) being activated 
when the error signal (Ve) satisfies the follow- 
ing expression: 

Ve<|Ve rif | 

in which (Ve) and (Ve rif ) respectively represent 
the error signal and the predetermined thresh- 
old value, a second calculation method (130) 
being activated when this expression is not sat- 
isfied, the first calculation method (120) repre- 
senting the case in which the second signal 
(V2) is within the interval of values (BM) corre- 
sponding to a zone of maximum efficiency of 
the catalytic converter (8), while the second 
calculation method (130) represents the case 
in which the second signal (V2) is outside this 
interval of values (BM) and in that according to 
the first calculation method (120) the second 
proportional control parameter (Kp^ and the 
integrating control parameter (Ki) assume val- 
ues such that the processing of the error signal 
(Ve) is predominantly of the integrating type 
and in that according to the second method of 
calculation (130), the second proportional con- 
trol parameter (Kp^ and the integrating control 
parameter (Ki) assume values such that the 
processing of the error signal (Ve) is predomi- 
nantly of proportional type. 
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